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Abstract 
6KRSIORRU 0DQDJHPHQW 60 HPSRZHUPHQW PHWKRGRORJLHV KDYH WUDGLWLRQDOO\ IRFXVHG RQ WZR DVSHFWV JRDO DFKLHYHPHQW IROORZLQJ ULJLG
VWUXFWXUHV VXFK DV 64'&0( RU HYROXWLRQDO DVSHFWV RI HPSRZHUPHQW IDFWRUV DZD\ IURP VWUDWHJLF JRDO DFKLHYHPHQW )XUWKHUPRUH 60
0HWKRGRORJLHVKDYHEHHQRUJDQL]HGDOPRVWVROHO\DURXQGWKHKLHUDUFKLFDOVWUXFWXUHRIWKHRUJDQL]DWLRQIDLOLQJV\VWHPDWLFDOO\WRFRSHZLWKWKH
FKDOOHQJHV WKDW ,QGXVWU\ LV IDFLQJ7KH ODWWHU LQFOXGH WKHJURZLQJFRPSOH[LW\RIYDOXHVWUHDPQHWZRUNVVXVWDLQDEOHHPSRZHUPHQWRI WKH
ZRUNIRUFH /HDUQLQJ )DFWRU\ DQ DXWRQRPRXV DQG LQWHOOLJHQW SURFHVV PDQDJHPHQW 6PDUW )DFWRU\ WKH QHHG WR FRSH ZLWK WKH LQFUHDVLQJ
FRPSOH[LW\RIYDOXHVWUHDPQHWZRUNV 961DQG WKH OHDGHUVKLSSDUDGLJPVKLIW WR VWUDWHJLFDOLJQPHQW 7KLVSDSHUSUHVHQWVDQRYHO/HDQ60
0HWKRG /60 FDOOHG ³+26+,1 .$15, 7UHH´ +.7 ZKLFK LV EDVHG RQ VWDQGDUGL]DWLRQ RI WKH FRPPXQLFDWLRQ SDWWHUQV DPRQJ SURFHVV
RZQHUV32VE\3'&$7KHVWDQGDUGL]DWLRQRIFRPPXQLFDWLRQSDWWHUQVE\+.7WHFKQRORJ\VKRXOGEULQJHQRUPRXVEHQHILWVLQYDOXHVWUHDP
96SHUIRUPDQFHVSHHGRIVWDQGDUGL]DWLRQDQGOHDUQLQJUDWHV WR WKH,QGXVWU\JHQHUDWLRQRIRUJDQL]DWLRQV7KHVHSRWHQWLDODGYDQWDJHVRI
+.7DUHEHLQJWHVWHGDWSUHVHQWLQZRUOGZLGHUHVHDUFK

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKHVFLHQWLILFFRPPLWWHHRIWKHWK&RQIHUHQFHRQ/HDUQLQJ)DFWRULHV
.H\ZRUGV,QGXVWU\/HDUQLQJ)DFWRU\6PDUW)DFWRU\+26+,1.$15,6KRSIORRU0DQDJHPHQW
Nomenclature 
+.+26+,1.$15,
+.7+26+,1.$15,7UHH
.3,.H\3HUIRUPDQFH,QGLFDWRU
/)/HDUQLQJ)DFWRU\
/0/HDQ0DQDJHPHQW
303URFHVV0DQDJHPHQW
32 3URFHVV2ZQHU
6)6PDUW)DFWRU\
60 6KRSIORRU0DQDJHPHQW
96 9DOXH6WUHDP
961 9DOXH6WUHDP1HWZRUN
1. Introduction  
7KHPDMRULW\RI WKH FKDOOHQJHV IDFHGE\ LQGXVWULDO OHDGHUV
LQ WKH VW FHQWXU\ DUH DGGUHVVHG E\ ,QGXVWU\  6RPH RI
WKHVHFKDOOHQJHVDUH
 WKHQHHG WRVXVWDLQDEO\HPSRZHU WKHZRUNIRUFH/)DV
LQGLFDWHGE\1DUNKHGHHWDO>@
 WKH QHHG WR GHYHORS DQ DXWRQRPRXV DQG LQWHOOLJHQW 30
6)DVSUHVHQWHGE\/HHHWDO>@
 UHFHQWUHVHDUFKE\6FKXKHWDO>@VKRZVDQHHGWRFRSH
ZLWKWKHLQFUHDVLQJFRPSOH[LW\RI961
 WKH QHFHVVDU\ SDUDGLJP VKLIW WR VWUDWHJLF DOLJQPHQW
SRLQWHGRXWE\&RYH\>@
,W LV WKHUHIRUH XUJHQW WR VWXG\ VXFK FKDOOHQJHV KROLVWLFDOO\
LQRUGHUWRSURYLGHOHDGHUVZLWKFRPSUHKHQVLYHWRROV WRFRSH
ZLWKWKHP
,Q WKH FRQWH[W RI /) DQG 6) HPSRZHUPHQW FDQ EH
XQGHUVWRRG DV D V\VWHPDWLF ZD\ RI OHDUQLQJ WKDW HQDEOHV
FRQWLQXRXV LPSURYHPHQW LQ DQ DXWRQRPRXV LQWHOOLJHQW VHOI
RUJDQL]HG DQG V\VWHPDWLF PDQQHU &ROHPDQ >@ GHILQHV
HPSRZHUPHQW DV ³WKH DFW RI HQKDQFLQJ VXSSRUWLQJ RU QRW
REVWUXFWLQJDQRWKHU¶VDELOLW\ WREULQJDERXWRXWFRPHV WKDW KH
RUVKHVHHNV´$Q³DXWRQRPRXV´PDQDJHPHQWPHWKRGVKRXOG
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VXVWDLQDEO\ HPSRZHU DOO RUJDQL]DWLRQDO LQGLYLGXDOV WR DOLJQ
DQG JURZ LQ WKH GLUHFWLRQ IURP ZKLFK WKH RUJDQL]DWLRQ
SURYLGHVYDOXH
$ SRZHUIXO SDUDGLJP WR HPSRZHU RUJDQL]DWLRQV ZKLFK
IRFXVHV RQ YDOXH FUHDWLRQ KDV IORXULVKHG LQ WKH ODVW WZR
GHFDGHV DV /0 /0 KDV EHHQ GHFODUHG WR EH WKH LQGXVWULDO
SDUDGLJPRIWKHVWFHQWXU\E\6KDKDQG:DUG>@/0FDQ
EH XQGHUVWRRG DV D VRFLRWHFKQLFDO PDQDJHPHQW V\VWHP WKDW
DLPVLQWKHZRUGVRI7DLLFKL2KQR³WRV\VWHPDWLFDOO\UHGXFH
QRQYDOXHDGGLQJDFWLYLWLHVLQRUJDQL]DWLRQV,WVHHNVWRGRWKLV
E\ ILUVW XQGHUVWDQGLQJ WKHLU VWUXFWXUH DQG WKHQ JHWWLQJ ULG RI
WKHPDOZD\VHYHU\ZKHUHUHOHQWOHVVO\DQGXQUHPLWWLQJO\´$V
+LQR >@ VWDWHG VXFK QRQYDOXH DGGLQJ DFWLYLWLHV GR RFFXU
7KH /0 TXHVW RI HOLPLQDWLQJ RU UHGXFLQJ ZDVWH LQ
RUJDQL]DWLRQVKDVEHHQPDLQO\XQGHUVWRRGE\VFKRODUV6WDDWV
HW DO >@ DV D SUREOHP VROYLQJ WDVN $V D UHVXOW WKH
HPSRZHUPHQW HIIRUWV RI PDQDJHUV ZKR VHHN WR LPSOHPHQW
/0 KDYH EHHQ IRFXVHG SULPDULO\ RQ HPSRZHULQJ DQG
GHYHORSLQJ SHRSOH WR EHFRPH JRRG SUREOHPVROYHUV DV
GHVFULEHGLQ6REHN,,DQG6PDOOH\>@+RZHYHUDV:LFN>@
SRLQWVRXWWKHLGHQWLILFDWLRQRISUREOHPVVXIIHUVIURPDVRFLDO
ELDV7KXVZKDWRUJDQL]DWLRQVRULQGLYLGXDOVXQGHUVWDQGWREH
D SUREOHP LV VXEMHFW WR D QXPEHURI FXOWXUDO VLWXDWLRQDO DQG
LQGLYLGXDO G\QDPLF FLUFXPVWDQFHV 7KH DXWKRUV EHOLHYH WKDW
WKH ³SUREOHPV´ WKDW /0 HQGHDYRUV WR VROYH WKH QRQYDOXH
DGGLQJ DFWLYLWLHV DUH HPEHGGHG ZLWKLQ SURFHVVHV DQG
WKHUHIRUH WKH UHVSRQVHDEOH 32V WKDW PDQDJH WKHP DUH LQ
FKDUJH RI HOLPLQDWLQJ WKH QRQYDOXH DGGLQJ DFWLYLWLHV ZLWKLQ
WKHP7KXVWKHWDVNVHWE\/0LVPDLQO\D30WDVNDQGQRWD
SUREOHPVROYLQJ RQH (DFK LQGLYLGXDO RI WKH RUJDQL]DWLRQ LV
XQGHUVWRRGWREHD32ZKRLVDFWLQJRQKLVRUKHUSURFHVVRQ
WKHVKRSIORRU
7KH WHUP³VKRSIORRU´KDVEHHQXVHGE\ZHVWHUQ VFKRODUV
GH/HHXZDQGYDQGHU%HUJ>@WRUHIHUWRSURFHVVHVFORVHWR
SURGXFWLRQ RU GLVWULEXWLRQ H[FOXGLQJ SXUSRVHO\ VWUDWHJLF
SURFHVVHV ,Q WKLV VHQVH 60 FDQ EH XQGHUVWRRG DV D
PDQDJHPHQW V\VWHP WKDW FDQ EH XVHG WR HQKDQFH VKRSIORRU
SHUIRUPDQFH 7KH WHUP ³VKRSIORRU´ LV XVHG E\ -DSDQHVH
VFKRODUV 6X]DNL >@ LQ D EURDGHU VHQVH XQGHUVWDQGLQJ
³VKRSIORRU´ RU ³JHPED´ DV WKH SODFH SK\VLFDO RU YLUWXDO
ZKHUH WKH 96 LV SHUIRUPHG 7KH GHILQLWLRQ RI 96 WKDW
:RPDFN DQG -RQHV >@ JLYHV LV D ³VHTXHQFH RI DFWLYLWLHV
UHTXLUHG WR GHVLJQ SURGXFH DQG SURYLGH D VSHFLILF JRRG RU
VHUYLFH DQG DORQJ ZKLFK LQIRUPDWLRQ PDWHULDOV DQG ZRUWK
IORZV´
,Q DQ RUJDQL]DWLRQDO EXVLQHVV FRQWH[W RI D FRPSOH[961
ZLWK QXPHURXV LQWHUGHSHQGHQW32VDFWLQJ VLPXOWDQHRXVO\ RQ
96V WKH 32V QHHG WR EH DOLJQHG LQ D FRPPRQ GLUHFWLRQ
+26+,1JLYHQE\ WKH VWUDWHJLFJRDOV RI WKHRUJDQL]DWLRQV
)XUWKHUPRUH UHVHDUFKHUV &lNHU DQG 6LYHUER >@ UHFHQWO\
DUJXH WKDW QRW RQO\ LV VXSSRUW RI HPSRZHUPHQWPDQDJHPHQW
V\VWHPV QHFHVVDU\ EXW DOVR WKH\ PXVW EH DOLJQHG ZLWK
VWUDWHJLF SXUSRVHV ,Q RWKHU ZRUGV WKH\ PXVW EH LQ
³FRPSOLDQFH ZLWK VWUDWHJLF SODQV DQG WDUJHWV´ 32V QHHG WR
FRQVLGHU ORFDO LQIRUPDWLRQ DV ZHOO DV VWUDWHJLF LQWHQWLRQV
6WXGLHV E\ )URZ HW DO >@ VKRZ WKDW PXOWLSOH FRQWUROV DUH
QHHGHG WREDODQFHHPSRZHUPHQWRI32DQG WKHDOLJQPHQW WR
VWUDWHJLF JRDOV +26+,1 .$15, +. PDQDJHPHQW E\
JLYLQJGLUHFWLRQLVDFRPSUHKHQVLYHPDQDJHPHQWV\VWHPWKDW
HQDEOHV VXFK DOLJQPHQW RI FRPSOH[ V\VWHPV DV VKRZQ E\
-ROD\HPL>@This paper proposes a novel SM method that 
provides the tool to operationalize HK by the systematic 
empowerment of autonomous intelligent POs acting in a 
complex VSN environment towards common strategic goals
7KLVSDSHULVVWUXFWXUHGDVIROORZVILUVWO\ WKHVWDWHRIWKH
DUWRIFXUUHQW60HPSRZHUPHQWPHWKRGVDQGDEULHI+.VWDWH
RI WKH DUW DUH SUHVHQWHG 6HFRQGO\ WKLV DUWLFOH¶V PDLQ
FRQWULEXWLRQLVSUHVHQWHG,W LVDQH[SODQDWLRQRIKRZWRFRSH
ZLWK WKH IRXU SUHVHQWHG FKDOOHQJHV RI ,QGXVWU\  7KLUGO\
WKH +.7 D QRYHO 60 PHWKRG WR RSHUDWLRQDOL]H +. LV
SUHVHQWHG )LQDOO\ VHYHUDO PDQDJHPHQW LPSOLFDWLRQV DUH
GLVFXVVHG DV ZHOO DV WKH PRGHO OLPLWDWLRQV DQG IXUWKHU
UHVHDUFKWKDWWKHDXWKRUVKRSHWRXQGHUWDNH
2. Background  
7KH DXWKRUV¶ UHVHDUFK KDV LGHQWLILHG WKUHH VFKRROV RI
WKRXJKWZLWKLQ60V\VWHPVDVHPSRZHUHGPHWKRGV WKDWGHDO
ZLWKVRPHRUDOO,QGXVWU\FKDOOHQJHV
x WKH JRDORULHQWHG DSSURDFK WKDW IRFXVHV PDLQO\ RQ
SURYLGLQJYLVXDOL]DWLRQRIJRDOV
x WKH HYROXWLRQDO DSSURDFK WKDW DFNQRZOHGJHV WKH
RUJDQL]DWLRQDO HYROXWLRQ RI 60 LQ D FHUWDLQ GLUHFWLRQ
+26+,1DQG
x K\EULG DSSURDFKHV WKDW FRPELQH JRDORULHQWDWLRQ DQG
HYROXWLRQDO60
 *RDORULHQWHG60
6FKRODUV KDYH LQWHJUDWHG FRQFHSWV RI WKH %DODQFHG 6FRUH
&DUG ZLWK HOHPHQWV RI /0 2WVXVHL >@ %\ V\VWHPDWLFDOO\
FKRRVLQJLQGHSHQGHQW.3,V%6&DLPVWRKROLVWLFDOO\GHVFULEH
RUJDQL]DWLRQV DQG DOLJQ JRDOV ZLWK VWUDWHJ\ 7KH UHVXOW
REWDLQHG KRZHYHU KDV EHHQ .3,FHQWHUHG 60 V\VWHPV WKDW
OHDG WKH /60 HIIRUWV RQ.3,V %\ IRFXVLQJ VROHO\ RQ.3,V
VXFK V\VWHPV GR QRW IRVWHU D WUDQVSDUHQW SHUIRUPDQFH GLDORJ
EHWZHHQ32V WKDW W\SLFDOO\HPSRZHUV WKH32DFKLHYHUHVXOWV
ZKLOHLQFUHDVLQJWUXVW>@
2WKHU VFKRODUV KDYH IRFXVHG WKH HPSRZHUPHQW HIIRUWV
DURXQGWKHRUJDQL]DWLRQDOKLHUDUFKLFDOVWUXFWXUHRUDURXQGWKH
IXQFWLRQDO EXVLQHVV XQLWV ZLWK ULJLG IUDPHZRUNV VXFK DV
64'&0( 6HFXULW\ 4XDOLW\ 'HOLYHU\ &RVW 0RUDOH DQG
(QYLURQPHQW 6X]DNL >@ 2VDGD >@ DQG2VDGD >@ 7KH
VWDQGDUGL]DWLRQ RI VXFK IUDPHZRUNV DORQJ DOO VWUDWHJLF
EXVLQHVV XQLWV 6%8V PDNHV WKH UHVXOWLQJ /0 V\VWHP
XQYDU\LQJ DQG OHVV DEOH WR HYROYH DVQHHGHG$Q LQDELOLW\ WR
HYROYHFRXOGKDYHXQGHVLUDEOHFRQVHTXHQFHV LQ WKHTXHVW IRU
WKH /0 SDUDGLJP DV SRLQWHG RXW E\ %RUFKHV DQG %RQQHPD
>@ 7KHUHIRUH WKLV DSSURDFK ODFNV WKH FDSDELOLW\ WR FRSH
ZLWKWKHLQFUHDVLQJFRPSOH[LW\RI961V
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 (YROXWLRQDO60
6X]DNL >@ SUHVHQWV DQ HYROXWLRQDO GLUHFWLRQ +26+,1
JLYLQJDSSURDFK WR60 WKDW LVEDVHGRQ3'&$([SODLQHG LQ
IRXU SKDVHV  ,QWURGXFWLRQ 3URPRWLRQ ([SDQVLRQ DQG
6WDELOL]DWLRQ  WKH 60 FRQFHSW VKRXOG EH LPSOHPHQWHG
FRPSDQ\ZLGH7KH IODZLQ6X]DNLVDSSURDFK LV WKDW3'&$
LVXQGHUVWRRG WREHDSUREOHPVROYLQJPHWKRG UDWKHU WKDQD
SURFHVVPDQDJHPHQWDSSURDFK
 +\EULG60&RQFHSWV*RDORULHQWHGDQG(YROXWLRQDO60
([DPSOH.$7$E\0LNH5RWKHU
7KHVH WZR PDLQ VWUHDPV KDYH DOVR HQJHQGHUHG K\EULG
FRQFHSWV )RU LQVWDQFH 5RWKHU >@ GHVFULEHV D K\EULG JRDO
RULHQWHG DQG HYROXWLRQDO HPSRZHUPHQW PHWKRG IRU 60
5RWKHUV DOJRULWKP EDVHV WKH FRQWLQXRXV LPSURYHPHQWV RQ
LQGLYLGXDO RU ORFDO ³IXWXUH VWDWHV´ WKDW VKRXOG HQFRXUDJH DQ
HPSRZHULQJ GLDORJ EHWZHHQ WKH 32 DQG WKH FRDFK 7KH
LQGLYLGXDO HPSRZHUPHQW FRQFHSW RI5RWKHU LV EDVHG RQ WDVN
UHSHWLWLRQ .$7$7KH LGHDRI OLQNLQJ.$7$DQG EXVLQHVV
SUDFWLFHVGLGQRWRULJLQDWHZLWK5RWKHUDVVKRZQE\'H0HQWH
>@7KHPDLQIODZLQWKLVDSSURDFKLVWKHPLVVLQJOLQNWRWKH
RUJDQL]DWLRQDO GLPHQVLRQ RI HPSRZHUPHQW 2Q DQ
RUJDQL]DWLRQDO OHYHO RUJDQL]DWLRQV FDQ EH XQGHUVWRRG WR EH
FRPSOH[DGDSWLYHV\VWHPVDVVKRZQE\6FKQHLGHUDQG6RPHUV
>@ DQG WKHUH LV HYHU LQFUHDVLQJ VWUXFWXUDO IXQFWLRQDO DQG
RUJDQL]DWLRQDO FRPSOH[LW\ LQ RUJDQL]DWLRQV SUHVHQWHG E\
6DODGR DQG 1LOFKLDQL >@ ZKR PDNH DQ DWWHPSW WR
RUJDQL]DWLRQDOO\GHVFULEH³IXWXUHVWDWHV´RQD96EDVLVIXWLOH
7KH K\EULG FKDUDFWHU RI 60 V\VWHPV LV DOVR GHVFULEHG LQ
WKH QG NH\ RI .RED\DVKLV ³ .H\V´ IRU VKRSIORRU
LPSURYHPHQW.RED\DVKL >@ 7KH ODVW OHYHO RI.RED\DVKLV
FRQFHSW PDNHV WKH QHHG FOHDU IRU DGDSWLYHQHVV RU DQ ³DOO
ZHDWKHUV\VWHP´ WKDW DPDQDJHPHQW V\VWHPPXVW KDYH7KLV
LVFHQWUDOWRKLVDUJXPHQWDWLRQ+RZHYHUWKLV³JRDO´RULHQWHG
YLHZRI60LVWKHPDLQZHDNQHVVRIDQ\PDQDJHPHQWV\VWHP
WKDWDWWHPSWVWRFRSHZLWKFRPSOH[HQYLURQPHQWVEHFDXVHQR
JRDO EUHDNGRZQ V\VWHP FDQ EH DV IDVW DV WKH FKDQJLQJ
HQYLURQPHQW
 6WDWHRIWKH$UW+26+,1.$15,
+. LV D K\EULG 60 V\VWHP WKDW HQDEOHV D FRPSUHKHQVLYH
HYROXWLRQDO30VWUXFWXUH$NDR>@-ROD\HPL>@JLYHVWKH
PRVW FRPSOHWH UHYLHZ RI +. VR IDU +. LV D ³V\VWHPV
DSSURDFK WR LPSURYHPHQW RI D FRPSDQ\V PDQDJHPHQW
SURFHVV´$NDR >@ ,W LV EDVHG RQ D FRQWLQXRXV ³QHJRWLDWHG
GLDORJ´EHWZHHQWKHGLIIHUHQWVWUDWHJLFEXVLQHVVXQLWV6%8V
RI WKH RUJDQL]DWLRQ DQG LV FDOOHG D ³FDWFKEDOO SURFHVV´
7HQQDQWDQG5REHUWV>@7KLVGLDORJUHOLHVKHDYLO\RQ3ODQ
'R&KHFN$FW 3'&$ WR EXLOG D IUDFWDO  RU VHOIVLPLODU DW
GLIIHUHQWRUJDQL]DWLRQDOOHYHOVRUJDQL]DWLRQDOGHVLJQ7KLVLV
DFKLHYHG E\ WKH VWDQGDUGL]DWLRQ RI LQIRUPDWLRQ H[FKDQJH RI
30 E\ 3'&$ DV VKRZQ E\ VFKRODUV LQ 9LOODOED'tH] DQG
2UGLHUHV0HUp>@
+XWFKLQV >@ KDV DOVR SUHVHQWHG WKH +26+,1 .$15,
3URFHVVDVDQRUJDQL]DWLRQDOPDFURVFRSLF3'&$SURFHVV7KH
UHIHUHQFH IUDPHZRUN SUHVHQWHG WR RSHUDWLRQDOL]H .$,=(1
KRZHYHU LV QRW SURFHVVRULHQWHG EXW SURMHFW DQG .3,
RULHQWHG7KHUHIRUHLWIDLOVWRSURYLGHWKHEHQHILWVRIIUDFWDOLW\
WR WKH RUJDQL]DWLRQ +XWFKLQV GHVFULEHV WKH 3'&$V DV
³LPSURYHPHQWSURMHFWV´DQGLQGLFDWHVWKDWWKH60LVEDVHGRQ
.3,6FRUH&DUGUHSRUWLQJVKHHWV
3. Industry 4.0 Challenges 
 &RSLQJZLWK961FRPSOH[LW\DQGDOLJQPHQWWRVWUDWHJLF
JRDOV+26+,1.$15,DV6WUDWHJLF3'&$
7KH SUHYLRXVO\ SUHVHQWHG +. DV VWUDWHJLF 3'&$ LV
H[SDQGHG E\ WKH IROORZLQJ WKH SURSRVHG +. PDFURVFRSLF
DSSURDFK ZLWK 3'&$ DV D IUDFWDO FRQQHFWLQJ OLQN EHWZHHQ
32V  )LJ  H[SODLQV WKH FRQFHSW YLVXDOO\ )RU UHDVRQV RI
FODULW\QRWDOOOLQNVDUHUHSUHVHQWHGLQWKHQHWZRUN'R3KDVHLQ
WKHVHDQGWKHIROORZLQJSLFWXUHV
)LJ+RVKLQ.DQULDV6WUDWHJLF3'&$
7KH+.3'&$SURFHVVWKDWLVSURSRVHGFDQEHXQGHUVWRRG
DVIROORZV
 'RRU,QWHU$FWLRQ,QWKLV3KDVH'RWKH32VZLOOFUHDWH
3'&$ERQGVWRHDFKRWKHU7KH\ZLOOILUVWOHDUQWRGHDO
ZLWK 3'&$ WKHPVHOYHV LQGLYLGXDO OHDUQLQJ DQG WKHQ
ZLOO HPSRZHU RWKHUV RUJDQL]DWLRQDO OHDUQLQJ WKURXJK
PXWXDO LQWHUDFWLRQ WR DGRSW WKH IROORZLQJ 3'&$
EHKDYLRUDOSDWWHUQ
 &KHFN RU &RPPLWPHQW RU &RQVHQVXV ,Q WKLV 3KDVH
&KHFN WKH TXDOLW\ RI FRPPXQLFDWLRQ DQG IRFXV RQ
HPSRZHUPHQW LV PHDVXUHG 7KH OHDGHUVKLS ³FDWFKEDOO´
SURFHVV LV YLVXDOL]HG DW JHPED DQG RUJDQL]DWLRQDO
OHDUQLQJLVIRVWHUHGDWDOOOHYHOVRIWKHRUJDQL]DWLRQ
7KH'R DQG&KHFN SKDVHV RSHUDWLRQDOL]H ZKDW PD\ EH
GHVFULEHG DV D Lean Shopfloor Management (LSM) 
method D KROLVWLF FRPSRXQG RI PHWKRGRORJLHV WKDW
HQDEOH WKHPDQDJHPHQWRI UHVRXUFHV DQG HPSRZHUPHQW
RI WKH SHRSOH DW JHPED WR V\VWHPDWLFDOO\ UHGXFH QRQ
YDOXH DGGLQJ DFWLYLWLHV LQ RUGHU WR DFKLHYH DOLJQPHQW
ZLWKVWUDWHJLFJRDOVDORQJWKH96
 $FW RU 6WUDWHJLF +RVKLQ .DQUL 6WDQGDUGL]DWLRQ 7KLV
SKDVHLVZHOOGHVFULEHGE\2VDGD>@DQGVRZLOOQRWEH
H[SODLQHGIXUWKHUKHUH
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 3ODQ RU 3URFHVV3ULRULW\$QDO\VLV RU 6WUDWHJLF
2SHUDWLRQDOL]DWLRQ ,Q WKLV SKDVH XVLQJ VWDWLVWLFDO
PHWKRGVVXFKDVFRUUHODWLRQPDWULFHVWKH.3,DQGKHQFH
WKH3'&$VWUXFWXUHLVUHRUJDQL]HGWRPHHWWKHVWUDWHJLF
FKDOOHQJHVDKHDG
 /)DQG6)(PSRZHUPHQWWKURXJK3'&$
$V GHVFULEHG LQ 9LOODOED'LH] DQG 2UGLHUHV0HUH >@
3'&$LVLQWHQGHGWREHD30VWDQGDUGLQIRUPDWLRQH[FKDQJH
SDWWHUQ EHWZHHQ 32V LQ RUJDQL]DWLRQV 7KLV 3'&$ FRQFHSW
GRHV QRW UHO\ RQ ³IXWXUH VWDWHV´ RU D ORFDO JRDO WR IXHO
FRQWLQXRXVLPSURYHPHQW,WUHOLHVVROHO\RQWKHXQGHUVWDQGLQJ
RI WKH FXUUHQW VWDWH DQG WKH FRQVHQVXV WKDW FRQWLQXRXV
LPSURYHPHQWLVDGHVLUDEOHEHKDYLRUDOSDWWHUQ7KLVPDNHVWKH
DOJRULWKP PRUH UREXVW WKDW WKRVH SUHVHQWHG E\ 5RWKHU RU
$NDR
$ ZLGH UDQJH RI H[SHUWV LQ GLIIHUHQW GLVFLSOLQHV FRQVLGHU
RUJDQL]DWLRQV DV LQIRUPDWLRQ SURFHVVLQJ HQWLWLHV 7KH IRUPHU
LQFOXGH/0 H[SHUWV )XMLPRWR >@.QRZOHGJH0DQDJHPHQW
H[SHUWV1RQDNDHWDO>@DQG2UJDQL]DWLRQDO'HVLJQH[SHUWV
%XUWRQHWDO>@,QIDFWLQRUGHUIRULQIRUPDWLRQWREHFRPH
DFWLRQDEOH NQRZOHGJH WKDW FUHDWHV YDOXH LW QHHGV WR EH
SURFHVVHG <RRQ HW DO >@ %\ SUHVHQWLQJ WKH /) DQG 6)
FKDOOHQJHV ,QGXVWU\  HQKDQFHV WKH LQIRUPDWLRQ H[FKDQJH
SDUDGLJP DQG GHHSHQV WKH QHHG WR GHYHORS FRQFHSWV WKDW
HQDEOHHIIHFWLYHDQGHIILFLHQWLQIRUPDWLRQSURFHVVLQJ
$QRWKHUSHUVSHFWLYHRI/)DQG6)LVJLYHQE\/HWPDWKHHW
DO >@ ZKR UHFRPPHQG IROORZLQJ 60 VWUXFWXUDO
FKDUDFWHULVWLFVWRHQKDQFHOHDUQLQJRQWKHVKRSIORRU
x DQ /60 PHWKRG VKRXOG IRVWHU H[SOLFLW NQRZOHGJH
FUHDWLRQ DQG WUDQVIHU ([DPSOHV RI PHWKRGV DUH WKH
SURFHVV DQDO\VLV LQ 3KDVH 3ODQ FUHDWLRQ RU WKH
VWDQGDUGL]DWLRQLQWKH3KDVH$FWWUDQVIHU³NQRZZK\´
DQGQRWRQO\³NQRZKRZ´7KLV³NQRZZK\´LVJLYHQE\
WKH VWUDWHJLF JRDOV SURYLGHG E\ WKH RUJDQL]DWLRQ 7KLV
VWUDWHJLFGLPHQVLRQLVFUXFLDOIRU/60
x DQ /60 PHWKRG VKRXOG HQDEOH WDVN DXWRPDWLRQ E\
UHSHWLWLRQRIEHKDYLRUDOSDWWHUQVVXFKDV3'&$
x DQ /60 PHWKRG VKRXOG HQFRXUDJH 32V WR DFWLYHO\
XQGHUWDNH LQGLYLGXDO OHDUQLQJ DQG VHOIREVHUYDWLRQ LQ
RUGHU WR ³OHDUQ IDVWHU DQG FRQWLQXDOO\ LPSURYH 7KLV
FRQFHSW OLHV DW WKH FRUH RI WKH DXWKRUV¶ 3'&$
LQWHUSUHWDWLRQ DV HDFK 32 LV UHVSRQVLEOH IRU KLV RU KHU
3'&$
 +26+,1.$15,75((+.7
7KH +.7 LV SURSRVHG DV D XQLYHUVDO DXWRQRPRXV
LQWHOOLJHQW 30 /60 PHWKRG WKDW FDQ VXVWDLQDEO\ HPSRZHU
32VDQGFUHDWHRUJDQL]DWLRQDO/)FDSDELOLWLHVZKLOHSXUVXLQJ
VWUDWHJLFDOLJQPHQWLQFRPSOH[961HQYLURQPHQWV
+.7 LQ LQGXVWULDO RUJDQL]DWLRQV LV LPSOHPHQWHG LQ IRXU
SKDVHV7KHILUVWRQHSUHWHQGVWRJUDVS96UHDOLW\XQELDVHGDV
LW LV 7KH VHFRQG SKDVH SUHWHQGV WR SUHSDUH WKH JURXQG IRU
SODQWLQJWKHHPSRZHUPHQWWUHH7KHWKLUGSKDVHGHDOVZLWKWKH
PDQDJHPHQW HIIRUW RI SODQWLQJ WKH +.7 7KH IRXUWK SKDVH
GHDOVZLWKWKHOHDGHUVKLSHIIRUWRIWDNLQJFDUHRIWKH+.7
 *HPED*HQMLWVX*HPEXWVX*&XUUHQW6WDWH9DOXH
6WUHDP
,Q WKH * SKDVH WKH FXUUHQW *HPEXWVX VWDWH RI WKH
SURFHVV*HQMLWVXDW*HPEDLVH[DPLQHGZLWKWKHLQWHQWLRQRI
FKRRVLQJDQLPSRUWDQWSURFHVVIRUWKHRUJDQL]DWLRQ7KHJRDO
RIWKLVILUVWVWHSLVWRXQGHUVWDQGZKLFK32VDQGVXESURFHVVHV
DUH LQYROYHG KRZ WKH\ DUH LQWHUOLQNHG E\ PDWHULDO RU
LQIRUPDWLRQ IORZ DQG WKH PDLQ VRXUFHV RI ZDVWH LQ WKH
SURFHVV 7KLV ILUVW VWHS LQGLFDWHV WKH FHQWUDOLW\ RI WKH 96
FRQFHSWLQWKLVPDQDJHPHQWPHWKRG
7KH QH[W SKDVH ZLOO TXDOLWDWLYHO\ YLVXDOL]H WKH .3,
HFRV\VWHPLQKHUHQWLQWKHSURFHVVEHLQJVWXGLHG
 1HPDZDVKL3UHSDUHWKHJURXQG8QGHUVWDQGWKH.3,
6WUXFWXUH
,Q WKH1HPDZDVKL 3KDVH WKH JURXQG LV SUHSDUHG WR JURZ
WKH +.7 (IIRUWV ZLOO EH PDGH WR UHDFK D FRPPRQ
XQGHUVWDQGLQJ RI WKH QDWXUH RI .3,V UHODWHG WR WKH SURFHVV
7KH JRDO VRXJKW ZKHQ LGHQWLI\LQJ WKH PRVW LQIOXHQFHG DQG
LQIOXHQWLDO.3,VLVWREHDEOHWRFRSHZLWKWKHLQWHUFRQQHFWHG
961 FRPSOH[LW\ SUHVHQWHG ZLWKLQ WKH VWUDWHJLF SURFHVV
DQDO\]HG
7KH1HPDZDVKL 3KDVH RI WKH+.7 FRQVLVWV RI WKUHH VXE
SKDVHV )LUVWO\ D OLVW LV SURYLGHG RI DOO FXUUHQW DQG SRVVLEOH
.3,V WKDW DUH EHLQJ XVHG RU FRXOG EH XVHG WR PHDVXUH 96
SHUIRUPDQFH6HFRQGO\D.3,LQIOXHQFHPDWUL[RIVXFK.3,V
LVFUHDWHGZLWKWKLVOLVWLQWKHFROXPQVDQGWKHVDPHOLVWLQWKH
URZV 7KLUGO\ WKH .3, LQIOXHQFH PDWUL[ LV SRSXODWHG ZLWK
YDOXHV   RU  GHSHQGLQJ RQ ZKHWKHU WKH .3, RI WKH MWK
FROXPQGHSHQGVVWURQJO\ZHDNO\RUQRWDWDOORQWKH.3,RI
WKHLWKURZ
)RUWKHLWKURZHDFKDLMZLWKM «LL«QLQGLFDWLQJ
WKH FROXPQV UHSUHVHQWV WKH LQIOXHQFH WKDW WKH.3,L KDV RYHU
WKH .3,M DQG VR WKH VXP RI WKH LWK URZ GLYLGHG E\ Q
LQGLFDWHVWKHWRWDOLQIOXHQFHWKDWWKH.3,LKDVRYHUDOOWKHUHVW
RI.3,V)RU WKH MWKFROXPQHDFKDLMZLWK L «MM«Q
LQGLFDWLQJ WKH URZV UHSUHVHQWV WKH LQIOXHQFH WKDW WKH .3,M
UHFHLYHV IURP WKH .3,L DQG VR WKH VXP RI WKH MWK FROXPQ
GLYLGHG E\ Q LQGLFDWHV WKH WRWDO LQIOXHQFH UHFHLYHG E] WKH
.3,ME\DOOWKHUHVWRI.3,V
7KHQH[WSKDVHZLOORSHUDWLRQDOL]H WKHPDQDJHPHQWHIIRUW
E\YLVXDOL]LQJVXFKLQWHUFRQQHFWHGQHVV
 8HUX0DQDJHPHQW3ODQWLQJWKH+.7

,QWKH8HUX3KDVHRUSODQWLQJWKH+.73KDVHWKH+.7LV
YLVXDOL]HGDVFORVHO\DVSRVVLEOHWRWKHJHPED,WLVLQWHQGHGWR
OLQNWKH32VZLWKWKH3'&$VDVVKRZQLQ)LJ
7KH JRDO RI OLQNLQJ WKH 323'&$ QHWZRUN DQG WKH
RUJDQL]DWLRQDO FKDUW LV WR RSHUDWLRQDOL]H WKH +.7 DV /60
PHWKRG
7KH ILQDO VWHS RI WKH+.7PHWKRG GHVFULEHV KRZ WR OHDG
WKHSURFHVVIRUDOHDQOHDGHU




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)LJ+.7
 8HNL<D/HDGHUVKLS7KH/HDQ/HDGHUDVJDUGHQHU
WDNLQJFDUHRIWKH+.7
:KHQ WKH YLVXDOL]DWLRQ KDV EHHQ FRPSOHWHG DQG VHYHUDO
3'&$VKDYHEHHQSODFHGDORQJWKHRUJDQL]DWLRQDOVWUXFWXUHLW
LV WLPH WR RSHUDWLRQDOL]H WKH +.7 7KH UXOH WR VHW WKH
FRPPXQLFDWLRQ IUHTXHQF\ LV VLPSOH DQG GHSHQGV RQ WKH
KLHUDUFKLFDO OHYHO RI WKH UHSRUWHG QRGH $OO 3'&$V WKDW DUH
UHSRUWHG WR D JLYHQ KLHUDUFKLFDO OHYHOZLOO EH UHSRUWHG DW WKH
VDPHIUHTXHQF\7KHUHFRPPHQGHGIUHTXHQF\LV[6KLIW[
'D\[:HHN[0RQWK[4XDUWHU[<HDU DOWKRXJK
WKHV\VWHPDOORZVIRUGLIIHUHQWYDULDWLRQV
)LJ.3,&RUUHODWLRQKHDWPDS
 3KDVH+.7$OLJQPHQW3KDVH
$IWHU FRPSOHWLQJ WKH+.7 'R DQG &KHFN LQ WKH+. DV
6WUDWHJLF 3'&$ WKH ZRUNIRUFH KDV EHHQ HPSRZHUHG WR
SHUIRUP 30 IROORZLQJ WKH 3'&$ 6HYHUDO+.7V KDYH EHHQ
³SODQWHG´ WKURXJKRXW WKH SODQW EXW WKH\ DUH GLVFRQQHFWHG
IURP HDFK RWKHU ,W LV QHFHVVDU\ QRZ WR OHW WKH WUHHV VHH WKH
IRUHVW
+.7 W\SLFDOO\ SURYLGHV 32V ZLWK XVHIXO SURFHVV
LQIRUPDWLRQ WKDW KHOS WR SULRULWL]H IXWXUH VWUDWHJLHV DQG
WKHUHIRUHWRDOLJQHIIRUWV7KHUHIRUHWKH3ODQ3KDVHRI3'&$
DV D VWUDWHJLF +. GHDOV ZLWK DOLJQLQJ WKH WUHH ZLWK WKH
VWUDWHJLF JRDOVRI WKHRUJDQL]DWLRQ ,QRUGHU WR IDFLOLWDWH WKLV
WKH GDWD JDWKHUHG ZLWKLQ WKH &KHFN SKDVH RI DOO LQGLYLGXDO
3'&$VLVFRPELQHGDQGFRUUHODWHG
$VVKRZQLQ)LJDIWHUGHVFULELQJWKHVWUDWHJ\IROORZLQJ
2VDGD >@ WKHPDWUL[RI QXPHULFDO FRUUHODWLRQVEHWZHHQ DOO
.3,VLQWKHRUJDQL]DWLRQLVGHSLFWHGLQWKHIRUPRIDKHDWPDS
WREHWWHUGHVLJQIXWXUH+.7VWUXFWXUHV+RZWKLVHYROXWLRQLV
RSWLPDOO\SHUIRUPHGLVVXEMHFWRIRQJRLQJUHVHDUFK
4. Discussion and Management Implications  
$IWHU GHVFULELQJ +. DV D VWUDWHJLF 3'&$ DQG +.7 LWV
SKDVHV'RDQG&KHFN WKHIROORZLQJSURSRVLWLRQVDUHRIIHUHG
DV0DQDJHPHQW,PSOLFDWLRQV
Proposition 1 (PSRZHUPHQW ILUVW $OLJQPHQW VHFRQG ,Q
RUGHUWRLPSOHPHQWD/60V\VWHPWKDWKROLVWLFDOO\FRSHV
ZLWK 961 FRPSOH[LW\ DQG VXSSRUWV DOLJQPHQW ZLWK
VWUDWHJLFJRDOVVXFKDV+.7OHDGHUVPXVWILUVWHPSRZHU
32VDQG WKHQDOLJQHIIRUWVZLWKVWUDWHJLFJRDOV/HDGHUV
VKRXOG WDNH WKH WLPH DQG UHVRXUFHV QHFHVVDU\ WR
HPSRZHU32VWRSHUIRUPSURSHU30
Proposition 2+.7 SURYLGHV WKH QHFHVVDU\ IUDPHZRUN WR
HPSRZHU32VSODQWZLGH%HFDXVH+.7LVEDVHGRQWKH
IUDFWDOXQLW3'&$ WKH+.7FDQHYROYHDQG LV UHVLOLHQW
WR FKDQJHV LQ WKH HQYLURQPHQW %HFDXVH RI WKHVH WZR
SURSHUWLHV WKH +.7 LV DEOH WR FRSH ZLWK 961
FRPSOH[LW\
Proposition 3 ,Q WKH HPSRZHUPHQW 3KDVH RI +.7 WKH
EHKDYLRUDOGLUHFWLRQ+26+,1GHDOVZLWKLPSURYLQJKLV
RU KHU SURFHVV ZLWK HYHU\ 3'&$ F\FOH LQVWHDG RI
DFKLHYLQJ D FHUWDLQ QXPHULF ORFDO ³IXWXUH VWDWH´ RU
³JRDO´
Proposition 4 ,Q WKH DOLJQPHQW 3KDVH RI +.7 WKH
EHKDYLRUDO GLUHFWLRQ +26+,1 VKRXOG EH JXLGHG E\
VWUDWHJLFQXPHULFDOJRDOV
5. Conclusions, model limitations and further steps 
7KH SUHVHQW SDSHU KDV SUHVHQWHG WKH +.7 D
FRPSUHKHQVLYHKROLVWLF/60PRGHOWRFRSHZLWKVRPHRIWKH
PRVWLPSRUWDQWFKDOOHQJHVSUHVHQWHGE\,QGXVWU\VXFKDV
/)DQG6)ZLWKLQDQHQYLURQPHQWRILQFUHDVLQJYDOXHVWUHDP
QHWZRUN FRPSOH[LW\ :LWK WKLV PRGHO ZKLFK LV HPEHGGHG
ZLWKLQ D VWUDWHJLF IUDPH VXFK DV +. DV D VWUDWHJLF 3'&$
RUJDQL]DWLRQDO HPSRZHUPHQW WRZDUGV VWUDWHJLF JRDOV LV
SRVVLEOH )XUWKHUPRUH VHYHUDO SURSRVLWLRQV KDYH EHHQ
VXJJHVWHGDV0DQDJHPHQW,PSOLFDWLRQV
7KH PDLQ LPSOHPHQWDWLRQ GLIILFXOW\ DQG OLPLWDWLRQ WKH
DXWKRUV DUH IDFLQJ KDSSHQV ZKHQ OHDGHUV DUH QRW GLVFLSOLQHG
HQRXJKWRDWWDFKWRWKH3'&$ORJLF
2QJRLQJ UHVHDUFKZKLFK LV FXUUHQWO\ OHDGE\ WKH DXWKRUV
FRQFHQWUDWHV RQ LPSOHPHQWLQJ WKH +.7 LQ VHYHUDO
RUJDQL]DWLRQV ZRUOGZLGH DQG VWUHQJWKHQLQJ WKH OLQN EHWZHHQ
+.7DQGVWUDWHJLFPDQDJHPHQW
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